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httpVolumetric analysis demonstrates that true and false
lumen remodeling persists for 12 months after
thoracic endovascular aortic repair
Ga-Young Suh, PhD,a Kelsey Hirotsu, BS,b Ramin E. Beygui, MD,c Michael D. Dake, MD,c
Dominik Fleischmann, MD,d and Christopher P. Cheng, PhD,a Stanford, Calif
A 62-year-old man underwent an elephant trunk procedure followed by thoracic endovascular aortic repair (TEVAR).
Computed tomography angiography-based models were built to quantify volume of the whole aorta and true and false
lumens preoperatively, before TEVAR, after TEVAR, and at follow-up at 3, 6, and 12 months. With TEVAR, descending
aortic true lumen volume increased by 54%, then increased additionally by 60% during 12 months. The descending aortic
false lumen volume regressed continuously for 12 months following TEVAR, with the most rapid rate from 6 to
12 months at 16 cm3/month. TEVAR immediately increased true lumen volume and continued to remodel the true and
false lumens throughout the following 12 months. (J Vasc Surg Cases 2016;2:101-4.)Fig 1. Sagittal computed tomography image showing the endo-
leak within the false lumen of the descending aorta (arrow). TheCurrent management of thoracic aortic dissections
includes conservative medical management and surgical
or endovascular repair.1 Elephant trunk repair is indicated
in patients with extensive dissections including the aortic
arch and descending aorta and can be followed by thoracic
endovascular aortic repair (TEVAR) to minimize the
potential risk of additional invasive open surgery.2
To understand the anatomic evolution of aortic inter-
ventions and long-term remodeling, precise measures of
true and false lumen geometry at multiple time points are
crucial. We present a case of a thoracic aortic dissection un-
dergoing a staged elephant trunk procedure and TEVAR.
Thoracic aortic volume was quantiﬁed throughout the
staged repair and the following 12 months. Written
consent was acquired from the subject.
CASE REPORT
A 62-year-old man with a history of an acute type A dissection
and ascending aortic repair in 2010 presented with a chronic aortic
arch and descending aortic dissection in January 2013. The dissec-
tion extended from the left subclavian ostium to bilateral common
iliac arteries with a 7.4-cm aneurysmal dilation involving theimage was acquired before the endoleak repair.
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://dx.doi.org/10.1016/j.jvscit.2016.05.001aortic arch and the proximal descending aorta. Perfusion to
intra-abdominal organs was within normal ranges: the celiac trunk
and superior mesenteric artery arose from both the true and false
lumens; the right renal, accessory left renal, and inferior mesenteric
arteries arose from the true lumen; and the left renal artery arose
predominantly from the false lumen. Because his type A dissection
in 2010 was repaired in another country, no outside hospital
records were available for review.
We planned a staged repair (elephant trunk procedure plus
TEVAR) to treat the extensive dissection in the aortic arch and
descending aorta. This was intended to allow the patient’s recov-
ery, to reassess the thoracic aortic anatomy, and to reduce the
risk of spinal cord ischemia after TEVAR. An elephant trunk101
Fig 2. Preoperative, pre-thoracic endovascular aortic repair (TEVAR), post-TEVAR, 3-month follow-up, 6-month
follow-up, and 12-month follow-up models. The whole aorta (gray), whole descending aorta (yellow), and true lumen
(red) are visualized.
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(Hemashield, 30  100 mm; Atrium Medical, Hudson, NH).
The graft was inserted into the descending aorta with the elephant
trunk terminating in the true lumen; anastomosis was established
between the evaginated aorta circumferentially. The rest of the
graft was retracted into the mediastinum and the superior aspect
of the graft was excised for arch vessel placement. The arch vessels,
on a small Carrel patch, were reimplanted onto the graft using the
peninsula technique.3
A week later, TEVAR was performed to cover the proximal
descending aortic dissection (Gore Conformable TAG, 34 
200 mm; W. L. Gore & Associates, Newark, Del). A lumbar drain
was placed before the procedure. A device length of 200 mm was
selected on the basis of multiple intraoperative measurements with
ﬂuoroscopy. The endograft was deployed within the elephant
trunk (30-mm diameter) distal to the left subclavian artery, extend-
ing to the level of the diaphragm superior to the celiac artery. Thefalse lumen of the left subclavian artery was occluded with an
Amplatzer plug (12  8 mm; St. Jude Medical, St. Paul, Minn).
A small endoleak superior to the proximal graft was found imme-
diately postoperatively.
Five months later, the patient returned for repair of the type II
endoleak whereby the left subclavian artery perfused the false
lumen of the descending aorta (Fig 1). A covered stent was placed
in the proximal left subclavian artery with proximal extension into
the true aortic lumen, effectively excluding the false lumen. Subse-
quent aortograms demonstrated no persistent connection between
the subclavian artery and aortic false lumen.
Chest computed tomography angiograms were acquired at six
time points including preoperatively, before the elephant trunk
procedure; pre-TEVAR, between the elephant trunk procedure
and TEVAR; post-TEVAR, immediately after TEVAR; and at
follow-ups at 3, 6, and 12 months after TEVAR. Each computed
tomography angiogram was used to build three-dimensional
Fig 3. Progression of aortic volumes. Whole aorta including
ascending aorta (black square), whole descending aorta
(gray diamond), descending aortic true lumen (red cross), and
descending aortic false lumen (whole descending aorta  true
lumen; green circle) were plotted with respect to time (months)
since preoperative image acquisition. TEVAR, Thoracic endovas-
cular aortic repair.
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whole and true lumen cross sections were segmented and lofted
to form volumetric representations. The lumen volume was quan-
tiﬁed separately for the whole aorta (true and false lumen from the
right coronary ostium to the 11th rib intercostal artery ostium),
whole descending aorta (true and false lumen from the left
subclavian ostium to the intercostal artery ostium), descending
aortic true lumen (true lumen with contrast enhancement,
including endograft after TEVAR), and descending aortic false
lumen (Fig 2).
From preoperative to pre-TEVAR time points, whole aorta
volume decreased by 10% (58 cm3); whole descending aorta
volume decreased <1% (3 cm3). From pre-TEVAR to post-
TEVAR time points, whole descending aorta volume increased
by 4% (þ19 cm3), with a 6% decrease (24 cm3) in false lumen
volume and a 54% increase (þ43 cm3) in true lumen volume.
From post-TEVAR to the 12-month follow-up time, true lumen
volume increased by 60% (þ48 cm3) and false lumen volume
decreased by 34% (128 cm3). During 12-month follow-up, the
whole aorta, whole descending aorta, and false lumen regressed
most rapidly from 6 to 12 months by 13, 13, and 16 cm3/month,
respectively. The true lumen expanded most rapidly from post-TE-
VAR to 3 months by 7 cm3/month (Fig 3).
DISCUSSION
The elephant trunk procedure (preoperative to
pre-TEVAR time points) decreased whole aorta volume
by excluding the proximal arch dissected volume. TEVAR
(pre-TEVAR to post-TEVAR time points) induced a larger
increase in true lumen volume than decrease in false lumen
volume, leading to an increase in whole descending aorticvolume. This suggests that the endograft may acutely
expand not only the true lumen but also the whole
descending aorta before false lumen thrombosis and
decompression.
During 12 months of follow-up, the presence of the
endograft combined with progression of thrombosis and
decompression continued to remodel the true and false
lumens. The true lumen expansion rate was greatest in
the ﬁrst 3 months after TEVAR, whereas the false lumen
regression rate increased with time. This fast true lumen
expansion implies that the chronic outward force of the
endograft may be greater immediately after TEVAR
because of greater oversizing. The false lumen regression
may have slowed because of endoleak during the ﬁrst
5 months after TEVAR.6 Correspondingly, endoleak stabi-
lization may have contributed to accelerated false lumen
regression in the following months.
Many studies regarding post-TEVAR remodeling have
observed diametric trends regarding true lumen expansion
and false lumen regression.7,8 However, diametric
measurements are less reliable and precise than volumetric
measurements to track aortic remodeling, especially with
complex aneurysm geometries.9,10 Among prior studies
with volume analysis, Sigman et al and Stanley et al
reported true and false lumen changes after TEVAR;
however, the data were averaged for populations in which
follow-up ranged from <1 month to >35 months after
TEVAR.11,12 Andacheh et al reported the time course of
remodeling during 12 months; however, preoperative anat-
omy was not reported to set a baseline before TEVAR.13
This case highlights how staged elephant trunk repair
and TEVAR of complex thoracic aortic disease alter the
aortic volumetric anatomy postoperatively and during the
following 12 months. Despite endoleak during early
follow-up, favorable remodeling was observed. This con-
sisted of false lumen regression, reducing further risk of
dilation and rupture, and true lumen volume expansion,
promoting adequate perfusion of distal organs. This case
uniquely includes separate volumetric analysis for the
whole aorta and the true lumen and false lumen of the
thoracic aorta. The temporal data may help establish
long-term patterns in rates of false lumen regression and
true lumen expansion, which may offer insight into postop-
erative management of similar patients. Considering the
continued evolution of post-TEVAR changes, longer
term follow-up is necessary to understand the full course
of aortic remodeling.
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